Abstract. An efficient ultrasonic assisted extraction procedure of phytosterols was established from corn silk (CS). The orthogonal test was applied to optimize the process parameters and a maximum phytosterols recovery as high as 10.59±0.12 mg/g was achieved by ultrasonic treatment for 55 min with liquid-solid ratio of 12:1 at 35 ℃, 220 w. The ultrasonic extraction temperature has the most significant effect on extraction yield of phytosterols.
Introduction
The widespread recognition of the demand for phytosterols for manufacturing semisynthetic hormones or for their direct consumption has led to numerous methods for recovering steroids from different materials. Steroids are one type of components in living organisms and the importance as a part of a healthy diet was emphasized in the dietary recommendations [1] . Steroid of organisms have different functions including inhibiting tumor growth, cellular immune stimulating, anti-inflammatory, antioxidant and anti-diabetic properties [2, 3] . Andersson et al. demonstrated that sterols could be used on the treatment of the cardiovascular and cerebrovascular diseases through higher intake of phytosterols in a natural diet to low levels of total and low-density lipoprotein-cholesterol in the serum [4] . The recommended dosage of phytosterols in dairy food consumption is 2g/day, whereas the average intake of natural plant sterols is estimated to be 0.2-0.3mg [5, 6] and the costs of phytosterols are still very high when larger amounts of pure sterols are required, thus the finding of natural materials with high content phytosterols as well as selection of a convenient isolation technology to reduce the production cost of phytosterols are very necessary.
Dried stigmata of maize female flowers, commonly known as "corn silk" is distributed widely in the world. CS is a well-known traditional herb that has been used for treatment of varied diseases such as treating obesity [7] , weight loss [8] , immune enhancement [9] , anti-diabetic activity [10] , regulation of blood sugar [11] , anti-proliferative effects on cancer cell [12] , improvement of gastrointestinal movement and antioxidant activity [13, 14] . In spite of various pharmacological activities, corn silk is still considered as a waste during corn processing. In this context, the extraction assisted with ultrasound of CS was investigated to obtain an effective method for CS with higher yield. The aim of this study was to investigate the content of bioactive compounds-sterols in CS.
Material and Methods

Materials
CS samples of two cultivars (zhengdan 958, xianyu 335) were harvested in Kaifeng farmland of China, pulverized and sifted through an 80-mesh sieve to obtain the powdered samples. The CS powder was dried at 80 ℃ overnight and stored with dark bags in dry environment.
Stigmasterol (assay purity 97 %), campesterol (assay purity 98 %), β-sitosterol (assay purity 97 %) were all acquired from Sigma Aldrich (Sydney, Australia). All chemicals and reagents were purchased locally and of HPLC or analytical grade. Ultrapure water was used throughout the experiments using a millipore water purification system (Element A10).
The Saponification of Phytosterols from CS
Standard solution of β-sitosterol was prepared in anhydrous ethanol at a concentration of 100 mg/L according to Xu [15] . 5g CS with 20 ml of a 2 M KOH in ethanol solution (95%) was weighed into the reaction triangular flask. The reaction tube was closed with parafilm and incubated at 80℃ for 2 h in water bath for the saponification. The parafilm was uncovered for the evaporation of ethanol after the saponification.
The Extraction of Different Solvents
CS was extracted with hexane, petroleum ether, ethyl acetate, diethyl ether, acetone, anhydrous ethanol, butyl alcohol or trichloromethane after the saponification for 3h (1:10) (w/v) and centrifuged at 8,000 rpm for 20 min to obtain a clear solution. The supernatant was evaporated to dryness, and reconstituted to same volume, then absorbance was measured after 15 min.
Phytosterols yield (y, mg/g) is calculated using the following equation: y= m
where C is the concentration of β-sitosterol calculated from the standard curve equation (mg/ml); b is the dilution factor; V is the total volume of extraction solution (ml); and m is the weight of raw material (g).
Orthogonal Test of Ultrasonic Assisted Extraction on the Yield of Phytosterols
1g CS in 4 ml anhydrous ethanol without the saponification was placed into the ultrasonic device. Various ultrasonic temperature from 25 to 65 ℃, time from 15 to 75 min, liquid-solid ratio from 8:1 to 20:1 (ml/g), and ultrasonic power from 100 to 260 W were designed to analyze the optimal extraction of CS. Orthogonal test design with four factors and three levels (ultrasonic time, ultrasonic temperature, liquid-solid ratio, and ultrasonic power) for the phytosterols extraction from CS after the saponification was used to optimize the ultrasonic extraction parameters.
Gas Chromatographic Analysis of Phytosterols
An Shimadzu gas chromatography with flame ionisation detection (GC-FID, GC-14B ) equipped with a DB-1(30 m×0.53 mm×0.25 µm)capillary column was used to analyze phytosterols composition using a 1:20 split ratio injection at 280 ℃ with nitrogen carrier gas (purity ≥99.99%). β-sitosterol was used as an internal standard.
Results and Discussion
Effect of the Saponification on Phytosterols of CS
The purpose of the saponification was to decompose the bound of sterol. The saponification of free sterol studied by Yan et al. showed that the free sterol content in the feed solution after the saponification increased from 6.64 to 9.30% as the NaOH/SODD (soybean oil deodorizer distillate) mass ratio increased from 0.17/1 to 0.33/1(w/w) [17] . In our study, the free phytosterols content in CS was 5.66mg/g and increased to 7.76 mg/g in the feed solution after CS was saponified. The results indicate that the saponification can transfer the bound sterols into free sterols more efficiently, and the process is benefit to sterol recovery from CS.
Effects of Extraction Solvent and Time
As shown in Fig.1 , phytosterols extracts of CS by different organic solvents varied greatly in yield. The yield of sterol was the highest in alcohol (7.76 mg/g), then in butyl alcohol (7.56 mg/g) and lowest in acetone (2.67 mg/g), thus, alcohol was chosen as solvent to extract phytosterols from CS.
Ultrasound has great influence on the cavitation threshold, which is responsible for acoustic cavitation and also results in the formation of cavitational nucleus and been investigated to extract all kinds of materials from various plant materials [17, 18] . As shown in Fig.2 , ultrasonic wave exhibited positive effect with the increase of time. The highest yield of phytosterols (2.12 mg/g) was obtained at 55min. p e tr o le u m e th e r b u ty l a lc o h o l a n h y d ro u s e th a n o l a c e to n e h e x a n e d ie th y l e th e r e th y l a c e ta te tr ic h lo ro m e th a n e 
Effects of Ultrasonic Temperature
It can be concluded that the content of phytosterols increased gradually along with the increase of temperature. When temperature is increased above 55℃, density and viscosity of the extracts were decreases, which facilitate the solvent penetration deeper into sample matrix [19] . As solvent moves deeper, its area of exposure increases which ends up with higher extraction efficiency. The results are in agreement with gao ( Fig.3 ) [22] .
Effects of Liquid-Solid Ratio and Ultrasonic Power
It's clear that the extraction efficiency of phytosterols increased with solid-liquid ratio ranges from 8: 1 to 12: 1 (ml/g) and then decreased sharply, however, it began to increase when the liquid-solid ratio increased from 16:1 (Fig.4) . Suitable high concentration of liquid-solid ratio enhances the efficiency of extraction by creating a concentration difference between the interior plant cell and the exterior solvent, which in turn augments the mass transfer rate and ends up with the increase in extraction efficiency [22] . The extraction content of phytosterols increased when extraction power was increased from 100 to 220 W but decreased rapidly when the ultrasonic power was above 220 W. The results showed that 220 W was suitable to the extraction of phytosterols from CS (Fig.5) . 
Orthogonal Test of Ultrasonic Assisted Extraction
As shown in table1, the ultrasonic temperature had the most positive effects on the extraction yield of phytosterols, then, solid-liquid ratio had slightly significant affected, then was extraction time, at last, ultrasonic power. By finding the optimal solution through the range analysis, the optimal extraction program was determined as follows: extraction time of 35℃, solid-liquid ratio of 1:12, extracting time of 55 min with 220 W ultrasonic power, under these conditions, the yield of phytosterols was 10.59±0.12 mg/g. At present, phytosterols are generally recovered from the oil deodorizer distillate (ODD) of vegetable oils, however, the source of ODD is limited and difficult to obtain large amount of it easily. The development of new raw material with high phytosterols is important and urgent. In prior work of Wang et al. [23] , Longyan (Dimocarpus Lour.) seed was used as the material to extract phytosterols with ultrasound method and the field was 4. 662 mg/g. In our context, the phytosterols yield of CS reached 10.59±0.12 mg/g under the optimized conditions.
GC Analysis
Because phytosterols are mixture, molecular weights and volatilities of various sterols are similar to each other, GC spectrometry was further utilized to determine the exact type of sterol and content corresponding to the relative retention time. The results showed that internal standard, campesterol, stigmasterol and β-sitosterol eluted with the relative retention time (RT) of 7.257, 12.802, 13.316, 14.344 min, respectively (Fig.6 ). In addition, GC showed that there were impurities in the sterol products; the impurities were sterol derivatives by oxidation/reduction, such as hydrogenation of sterol. 
Conclusions
In this work, the ultrasonic assisted extraction, purification process for phytosterols from CS was investigated. An efficient ultrasonic assisted extraction procedure was employed to extract phytosterols from CS.
